ABSTRACT
space determines the geometry of the conductive path (Schon, 1996) . This includes properties like porosity and tortuosity. The electrical resistivity of rocks is also influenced by the metal content, permeability, temperature and pressure.
There have been no available petrophysical data of rocks from Girei, hence the need to provide a firsthand database for these rocks. 
Geology of the Study Area
The trough is composed mainly of the Bima sandstone formation and quartenary river coarse alluvium. The Bima sandstone comprises the oldest sediments in the upper Benue trough which directly overlie the crystalline basement rocks. Carter et al (1968) and Allix (1983) gave descriptions of the sequence exposed there and recognized three fold subdivisions; namely: the upper Bima (B3), the middle Bima (B2) and the lower Bima (B1).
The upper Bima is fairly homogenous, relatively mature, fine to coarse-grained, thick-bedded sandstone with abundant sedimentary structures. It is widespread and may attain more than 1700m in thickness. The sequence was deposited under fluvatile to deltaic environment. (Carter et al, 1968) . The late Albian to early Cenomanian age is assigned to this upper member (Whiteman, 1982) .
The middle Bima (B2) is a fairly uniform unit composed of very coarse-grained, feldspathic sandstone with thin Bands of clay, silts, shale and occasional calcareous sandstone. It varies in thickness from 300m to 1200m. A tentative middle Albian age has been assigned to it by Whiteman (1982) on the basis of pollens and radiometric data obtained from intercalated lavas.
The Lower Bima appears in the core of the Lamurde anticline. It is consists of coarse-grained feldspathic sandstone alternating with red, purple shale and occasional bands of calcareous sandstone and siltstone. It is a highly variable unit with an over all thickness of 0 to over 500m. An upper Aptian/Albian age has been assigned to this part of Bima sandstone (Kogbe, 1989) .
Methods of investigation/sample collection and preparation
Fourteen representative surface rock samples labeled S1-S14 were collected from different locations in the study area. The samples locations were determined using a Global Positioning System (GPS). The method used by Scromeda et al (2000) was adopted for sample preparation. Firstly, the samples were cut into rectangular shapes, each with a cross sectional area of 2.0cm by 2.0cm and a thickness of 1.5cm. This is to ensure accurate determinations of their dimensions that will be useful in resistivity calculations. Thereafter, a lapping disk machine (or shaping-up rock machine) was used to smoothen the surface for good electrode contact.
Each sample was then placed in a beaker containing about 400ml of borehole water labeled Sw1-Sw14 obtained from the study area to saturate them for 48hours. A brief description of the sample types, locations, and positions are shown in table 1.0. 
Density measurement
Density measurement of the samples was carried out. This is also part of the porosity determining procedure. The dry weight of the sample were first measured in air and then in water using an analytical balance. After 48 hours of water saturation, the wet weight of the samples were determined in air and then in water. The dry bulk density, ñd, wet or saturated density, ñw and the grain or particle density ñg were then determined. Following Ajakaiye, (1989) , Olhoeft and Johnson, (1990) , and Scromeda and Katsube,(2000) the dry bulk, wet and grain density were determined as follows;
where: is dry weight in air is wet weight in air is wet weight in water.
Porosity measurement
Following Olhoeft and Johnson (1990) , and Scromeda and Connel, (2001) the porosity of the samples was determined using the relation:
Where, Ø, ñd, and ñg are porosity, dry bulk density and grain density respectively. The methods of obtaining ñd and ñg have been discussed in section 3.1. Porosity values ranges from 0 -1 or 0 -100%.
Measurement of the rock resistivity
Laboratory measurement of the electrical resistivity of the rock samples were performed using the two electrode method proposed by Telford et al, (1978) and Contreras et al, (1986) . The experimental set-up is as shown below: The end electrodes were made of brass plates cut into square shapes (2cm x 2cm) and designed to cover each end of the sample perfectly well. A modest axial pressure Rock sample A Electrode L was applied to ensure complete electrode contact with the sample. A constant voltage (V) of 1100V was applied and the current through the sample was measured. About five measurements of the current (I) were made for each sample and the mean taken. The voltage and current values were measured using the Leakage Current-Breakdown Voltage and Tera ohm-meter. The sample resistance, rs is then obtained from the relation:
And the resistivity, R
where: A is the cross sectional area, and L the length of the sample. Following standard procedures applied by Connell et al, (2000) and Scromeda et al, (2000) , the electrical resistivity (Ro) of the rocks at 100% water saturation was measured at 24 and 48 hours after saturation with borehole water and the mean taken. This was to ensure that the electrical resistivity values were stable with time. Under this state, it was expected that the water had chemically equilibrated with the rock and represented in situ conditions. Before measurements, the surfaces of the rock samples removed from the beaker were first wiped with tissue paper. This action rendered the samples saturated-surface dry.
Measurement of resistivity of water samples
Water samples used to saturate the rocks were collected from fourteen functional boreholes/wells from different locations within the study area. The conductivity of the water samples were first measured using conductivity meter at 35 0 C. The resistivity, Rw of the water samples were then obtained by taking the reciprocal of the conductivity.
Measurement of water saturation
From the annual book of ASTM (American Society of Testing and Materials) as quoted by http:/en.wikipedia.org/wiki/water-content, the total evaporable moisture content (water saturation) in aggregate (C566) can be calculated with the formula: 
Electrical anisotropy determination
Electrical anisotropy characteristics of the rocks were also investigated. Eleven samples were chosen and tested for anisotropy, ë. Resistivity measurements were carried out on the three sides of the sample. The values of electrical resistivity anisotropy was obtained by taking the ratio of the resistivity value for the side showing the largest value over the resistivity value for the direction showing the smallest value (Connell, 2000a) .
Analytical results
The results of density and water saturation determination are presented in . Water saturation values ranges from 4.13 to 15.08% with an average of 9.60±0.78%. Table 3 .0 shows electrical resistivity values for the saturated rock samples, Ro resistivity of water used for saturating the rocks, Rw and the samples porosity, Ô. Porosity values range from 11.9-27.9% (0.12-0.28). Rw values were in the range of 1.01-26.32 m. Ro ranges from 7.485x10
Girei sandstones are shown in figure 3.0 while that showing the relationship between water saturation and porosity is displayed in figure 4.0. (Grant and West, 1965 , Keary and Brooks, 1996 and Lowrie, 2002 . The porosity of the samples investigated varied between 11.9 27.9% (0.12 -0.28). For most part, samples with higher porosities have lower dry bulk and wet densities as would be expected. This is seen in the good correlation coefficient of 0.7081 and 0.655 respectively in figure 3.0. On the basis of the conceptual relations between porosities and densities, this can be interpreted as indicating that porosity is the main cause of density variation.
Investigation of the relationship between water saturation and porosity shows an excellent linear correlation. This is shown in figure 4 .0. The correlation coefficient R 2 is 0.8754. The plot shows that the amount of water contained in a rock depends on the available pore space. Thus, increase in porosity increases the amount of water a rock can absorb and vice versa. This also explains why sedimentary rocks which are highly porous absorb more water than igneous rocks with low porosity.
Results of electrical resistivity measurements of the saturated rock samples showed values between 7.485 x 10 3 to 10.690 x 10 3 m with an average of 8.160±0.229 x 10 3 m. This resistivity values obtained are in general agreement with established literature (Grant and West 1965 , Telford et al, 1978 , Keary and Brooks, 1996 and Schon, 1996 . The variation in the values obtained is due to the differences in the concentration of ions of the saturating liquids and the paths through which the electrolytic conduction takes place. Rocks with interconnected pores have a lower electrical resistivity values since it allows a smooth passage of the conducting fluid. In the other hand rocks with unconnected pores or tortuous paths have high electrical resistivity owing to uneasy passage of the conducting liquid. This further explains why care must be taken in trying to ensure tight electrical contacts, since it might lead to an increase in pressure which tends to close up the pore spaces, thereby decreasing electrical conductivity in the rocks.
The electrical anisotropy (ë) measurement of the eleven samples investigated showed that the rocks exhibit low anisotropy with values from 1.2:1 to 1.7:1. The anisotropy of the electrical resistivity in natural rocks is caused by the preferred orientation of conducting minerals or accessories (for example graphite, ores); the preferred orientation of the wet or water saturated pores or cracks, and fine layering of rock components with different conductivity (clay-sand sandwich layering) (Schon, 1996) . The low anisotropy values indicate that there is almost uniform orientation of the conducting minerals and water saturated pores. The highest ë value of 1.7:1 is exhibited by samples S1, S8, S12 and S14. Samples S8, S12 and S14 are coarse-grained sandstones; hence the possibility that there may be varying orientation of the conducting mineral grains and water saturated pores. The reason for the behavior of S1 being a finedgrained sandstone is yet unknown. The lowest anisotropy value of 1.2:1 is exhibited by sample S3. Being a coarse-grained sandstone, the grains may be uniformly oriented, hence its low ë value.
Conclusion
This paper presents the results of some petrophysical measurements (electrical resistivity, porosity, density electrical anisotropy and water saturation) of fourteen rock samples from Girei. Local Government Area of Adamawa State, N.E of Nigeria.
Results of density measurements gave average values of 2.08 ± 0.03g/cm 3 , 2.23 ± 0.03g/cm 3 and 2.59 ± 0.03g/cm 3 for the dry bulk, wet and grain density respectively.
Porosity values ranged from 0.12 to 0.28 while water saturation values varied from 4.13 to 15.08% with and average of 9.60 ±0.78. a mean value of 8.160±0.229 x 10 3 m was obtained for the electrical resistivity while low anisotropy was also evident and ranged from 1.2:1 to 1.7: 1 showing that the rocks grains are uniformly oriented.
Plots of porosity versus dry and wet density showed an inverse relationship between both parameters, while that of porosity and water saturation showed that both parameters are directly related.
